Carotid intima-media thickness (IMT) assessed by ultrasonography is regarded as an early predictor of general arteriosclerosis in patients with essential hypertension. However, the methods of measuring IMT have not been globally standardized, and it remains unclear whether conventional measurement of IMT represents the prevalence of hypertensive target organ damage. In this study, we verified the association between several commonly used carotid ultrasonographical parameters and the severity of hypertensive target organ damage (retinal arteriosclerosis, microalbuminuria, left ventricular hypertrophy (LVH)). Carotid ultrasonography, echocardiography, urinalysis, and funduscopy were performed in 184 patients (64 7 12 years, 96 males and 88 females) with various stages of essential hypertension. Carotid arteriosclerosis was assessed using four methodologically different methods: conventional-IMT, maximum-IMT (Max-IMT), Mean-IMT, and Plaque Score (the sum of all plaque thicknesses). Age and all carotid ultrasonographical parameters were significantly associated with albuminuria, retinal arteriosclerosis, and left ventricular mass index. High-sensitivity CRP was significantly correlated with retinopathy and LVH. Carotid parameters in patients with histories of cardiovascular events were significantly greater in those without events. Among all carotid parameters, Max-IMT showed the highest correlation coefficient of the severity of target organ damage, and showed significant association with CRP. Stepwise regression analysis revealed that Max-IMT was the independent factor for predicting target organ damage. Max-IMT is suggested to be the most reliable and simplest parameter for predicting hypertensive target organ damage including microangiopathy in patients with essential hypertension.
Introduction
Assessment of subclinical and clinical target organ damage is a key element in the management of patients with hypertension, and practical and applicable examination for predicting the damage has been long-sought. Ultrasonographical measurements of intima-media thickness (IMT) in the carotid arteries are being applied extensively for evaluating the presence and progression of arteriosclerosis in patients with hypertension. The physiopathological importance of wall thickening was suggested to be an adaptive mechanism in the early stages of hypertension to counterbalance the persistent increases in blood pressure, and an abnormal IMT may reflect the consequence of past exposure to risk factors. Thus, thickened carotid IMT is a powerful and independent indicator of the likelihood of not only cerebrovascular diseases but also general arteriosclerosis. 1 These arterial wall modifications have represented an early involvement of the target organs in patients with hypertension. [2] [3] [4] [5] Although the usefulness of measuring carotid IMT has been established and several indices for evaluating IMT and plaque have been proposed, the methods of measuring IMT have not been globally standardized, and reliability of the measurements is spatially dependent. In addition, the associations between IMT thickening and the emergence of hypertensive target organ damage in hypertensive patients remain controversial.
The present examination was a cross-sectional study on carotid intima-media thickening and hypertensive target organ damage in patients with essential hypertension referred to the Hypertensive Division in our hospital. Our aim was to verify the possible association of several commonly used parameters of carotid arteriosclerosis on the severity of hypertensive target organ damage in order to determine the most practical and feasible method of IMT measurement for risk stratification in patients with hypertension.
Materials and methods

Study population
Clinical records of 350 consecutive hypertensive patients who were hospitalized in the National Cardiovascular Center, Division of Hypertension and Nephrology for the purpose of medical examinations for high blood pressure or hypertensive target organ complications during the period April 2001 -February 2003 were analysed. A total of 50 patients were excluded because they were diagnosed or suspected of secondary forms of hypertension, and 71 patients were excluded due to concomitant diabetes mellitus. In all, 45 patients were also excluded because of concomitant proteinuria (more than 0.1 g/day) due to nonhypertensive or hypertensive nephrotic renal disorders. Thus, 184 patients with essential hypertension without diabetes and apparent proteinuria were included in the present study. The diagnosis of hypertension was based upon casual blood pressure values greater than 140/90 mmHg and/or under antihypertensive treatment at the first contact. Patients with other major cardiovascular risk factors, such as dyslipidaemia and smoking habit, were included in the study population. The study was carried out in accordance with the Declaration of Helsinki, and the Guidelines of Epidemiological Research of Ministry of Health, Labour and Welfare and Ministry of Education, Culture, Sports, Science and Technology. All subjects gave informed consent to participate in the study.
Baseline measurements
Medical histories and physical examinations were obtained for each subject at the examination. Systolic and diastolic blood pressure was measured twice in the left arm of seated participants. The body mass index was calculated as the weight in kilograms divided by the square of the height in metres. The total cholesterol and fasting blood glucose (FBG) were measured. High-sensitive C-reactive protein (hs-CRP) was also measured using an automatic immunonephelometer with a sensitivity of 0.02 mg/dl. Past illnesses of cardiovascular events were defined as coronary artery diseases (angina pectoris and myocardial infarction), stroke, peripheral vascular disease, aortic aneurysm, and congestive heart failure.
Carotid ultrasonography
Ultrasonography of both carotid arteries was performed with a high-resolution Duplex scanner (TOSHIBA SSA-390A) using the probe at a frequency of 7.5 MHz. for the B-scan. The subjects were investigated in the supine position with their head slightly turned from the sonographer. All measurements were performed by six trained sonographers, who were unaware of the subjects' clinical data. The carotid arteries were carefully examined with regard to wall changes from different longitudinal (anterior oblique, lateral, and posterior oblique) and transverse views, and measurements of thickness were performed from the transverse image. The common carotid artery, the carotid bulb, the internal and the external carotid arteries were studied in all subjects. Each ultrasound image was taken in end-diastolic, and was recorded on a personal computer hard-disk with an on-line digital filing system, and IMT and plaque were measured manually by off-line analysis.
We assessed carotid IMT and plaque by measuring generally used parameters, including maximum and mean IMT, and Plaque Score (PS), on the basis of previous studies. 2, 3, 5, 6, [8] [9] [10] The parameters are schematically depicted in Figure 1 . Briefly, conventional-IMT (C-IMT) was defined as an average of five IMTs at approximately 1.5 cm proximal to the carotid bulb in the right and left common carotid arteries avoiding discrete plaques. Maximum-IMT (Max-IMT) was defined as the maximum thickness of intima-media including plaques, and Mean-IMT was defined as the average of Max-IMT and IMTs of its 1 cm proximal and distal region. Max-IMT and Mean-IMT were assessed from the region branching off from brachiocephalic artery (right) or aorta (left) to the bifurcation of common carotid artery. We defined a plaque as an area where IMT was 41.10 mm, and calculated PS by summing all plaque thicknesses in the bilateral carotid arteries in the scanning area, following an established manner. 8, 9, 11 The length of individual plaques was not considered for the calculation of this score.
Assessment of hypertensive target organ damage
Funduscopic diagnosis of hypertensive retinopathy was evaluated bilaterally by an experienced opthalmologist, who had no knowledge of the patient's clinical characteristics. The funduscopic findings considered in this study were arteriolar narrowing and irregular constriction, arteriolar reflex and arterio-venous crossing phenomenon, which were graded using Scheie's arteriosclerotic classification.
Twenty-four-hour urinary excretion of protein and albumin was assessed in all patients during hospitalization. Microalbuminuria was evaluated in patients without evident proteinuria by measuring the albumin-to-creatinine ratio (ACR) in three nonconsecutive, 24-h urine samples. 12, 13 The ACR was calculated as follows: urine albumin concentration (milligrams per litre)/urine creatinine concentration (milligrams per litre), and expressed in mg/g creatinine. Creatinine clearance was also evaluated.
Transthoracic echocardiography was performed using an echocardiographic instrument (Phillips, SONOS 5500) with a 3.5 MHz transducer. At the basal examination, regional kinesis of the left ventricle was evaluated by two-dimensional echocardiography, and left ventricular diastolic and systolic diameter (LVDd/Ds); in addition, the diastolic thickness of the left ventricular posterior wall (LVPWT) and interventricular septum (IVST) were assessed in M-mode images of the parasternal longaxis view. The left ventricular mass index (LVMI) (g/m 2 ) was calculated using the following formula: 
Results
Clinical characteristics of the study patients are given in Tables 1 and 2 . The mean age of the participants at entry was 64.4 years and 52.2% were male. In all, 20 patients were not receiving antihypertensive drug therapy, and 61.1% of patients were being treated by combined drug therapy. Calcium antagonists were the most prescribed and angiotensin II type I receptor blockers were the second among the patients. There were 64 episodes of cardiovascular events in 56 patients in their clinical records; 27 strokes, 22 coronary artery diseases, four congestive heart failure, six peripheral vascular diseases, and five aortic aneurysms. Among 74 patients who has been diagnosed dyslipidaemia, 14 patients showed poor control of total serum cholesterol (4240 mg/dl). Carotid ultrasonography was successfully performed in all study subjects. The values of the carotid ultrasonographical parameters and the extent of target organ damage are summarized in Table 3 . In all, 53% of patients had discrete plaques and 75% of patients had increased IMT greater than 1.0 mm. In patients with plaques, 86% plaque lesions were located in the bifurcation of carotid bulbs (distal from the region where C-IMT was Carotid IMT and target organ damage S Takiuchi et al measured). In all, 42% of patients were diagnosed as having macroalbuminuria (ACRX30 mg/g creatinine), 83% met the requirment of LVH (LVMI451.0 g/m 2 ), and 65% of patients had more severe findings of Scheie's arteriosclerotic classification (X2). Figure 2 indicates the ultrasonographical parameters between the patients with and without a clinical history of cardiovascular events. Patients with cardiovascular events showed a greater value of each ultrasonographical parameter than those without events. Max-IMT (P ¼ 0.0007) and PS (P ¼ 0.0007) showed a smaller P-value between the subjects with and without cardiovascular events compared with C-IMT (P ¼ 0.046) and Mean-IMT (P ¼ 0.005). Table 4 shows the univariate correlation of clinical parameters and target organ damage. Age showed a significant correlation with all kinds of target organ damage. Hs-CRP and creatinine clearance correlated with retinopathy and LVH, and tended to correlate with microalbuminuria. Table 4 and Figure 3 show the correlation of carotid ultrasonographical parameters and target A multivariate logistic regression model including age, systolic blood pressure, total serum cholesterol, FBG, smoking habbits, hs-CRP, and Max-IMT as the confounding parameters of hypertensive target organ damage was used. Max-IMT was shown to be the best relation with each hypertensive target organ damage (Table 5 ).
Discussion
Carotid ultrasonography was proposed as a useful and noninvasive tool with proven ability to show cross-sectional associations with cardiovascular risk factors, prevalence of vascular disease, and predictive power in the general population. 4, 5, 14 The method appears highly suited to the goal of detecting asymptomatic vascular target organ damage, which also may greatly assist with the assessment of risk and selection of appropriate, preventive strategies for the management of hypertension. Furthermore, assessment of carotid IMT is increasingly used as a surrogate end point for determining the efficacy of pharmacological interventions in large cardiovascular clinical trials, and used as an important phenotype of cardiovascular complications in the field of epidemiology and genetics in patients with hypertension.
However, the markers of carotid IMT have not been standardized, and the reliability of measurements is spatially dependent. Carotid IMT measurement is easily managed among the healthy general population, because the thickness is relatively invariable in overall carotid arteries. In contrast, it is difficult to evaluate carotid IMT of hypertensive patients objectively, because the wall is so erratic due to the development of carotid arteriosclerosis. According to the baseline data of 2300 patients in the cohort study provided by Zanchetti et al, 15 greater than 80% of the patients had 'plaques' (defined as 1.3 mm). Less than 1% of the cohort had carotid results showing no plaques and IMT values less than 1.0 mm. In the present findings, only 28% of study patients showed no ultrasonographically defined plaques or IMT thickening, and most of the plaques were located around the bifurcation of the common carotid artery. Thus, the conventional method for measuring IMT avoiding discrete plaques at 1-2 cm proximal to the carotid bifurcation tended to underestimate the severity of arteriosclerosis, although a relatively good correlation with hypertensive target organ damage was shown. As Max-IMT or PS could estimate the arteriosclerosis comprehensively, they showed Carotid IMT and target organ damage S Takiuchi et al stronger correlation with arteriosclerotic hypertensive target organ damages. According to the ELSA trial, the mean of the maximum IMT of the four far walls of the carotid bifurcations and the common carotid arteries (CBM max ) showed the highest reproducibility of ultrasound measurements (coefficient of reliability: 0.872), and the overall single maximum IMT ('Max-IMT' in the present study) also showed high reproducibility (coefficient of reliability: 0.794). 16 Although PS and Mean-IMT also showed significant association with target organ damage, the procedures of measuring them are relatively complicated and the reliability of the measurements is spatially dependent. Max-IMT measurement is quite simple and straightforward, because it is performed by only measuring the maximum thickness of intima-media including plaques.
IMT of the common carotid arteries is a general measure of the severity of atherosclerosis, and increased IMT is related to generalized atherosclerosis. In addition to the association between carotid IMT and cerebrovascular disease, a number of studies have demonstrated that carotid IMT significantly correlated with the status of coronary atherosclerosis. 17 However, some reports suggested that the relationship between mean IMT of 10 mm distal of the carotid artery and severity of the coronary artery disease was significant but weak. 18 C-IMT in the present study also showed significantly greater values in subjects with former cardiovascular events compared with those without events, but the difference was relatively small. On the other hand, differences in Max-IMT or PS between the two groups were greater. As 53% of patients had discrete plaques and 75% of patients had increased IMT in our hypertensive patients, we assumed that Max-IMT and PS reflect the genuine severity of the arteriosclerosis, especially in patients with high risk. Since our study was a cross-sectional investigation, we could not conclude that Max-IMT or PS were the best parameters to predict future cardiovascular events. Thus, further prospective study should be helpful to clarify the association.
There have been several studies that compared the associations between carotid IMT and hypertensive target organ damage. Some studies demonstrated that carotid IMT was highly associated with microalbuminuria, 2 LVH 3,5 and cardiovascular events. On the other hand, some studies showed no association with microalbuminuria. 6, 7 In the present study, carotid IMT, especially Max-IMT, was highly associated with a history of cardiovascular events and target organ damage. Interestingly, the present findings demonstrated that retinal arterial stenosis and microalbuminuria, which were suggested to relate to microangiopathy due to hypertension, were also correlated with the severity of changes in large conduit arteries. The mechanism that links macroand microangiopathy closely is unknown. One possible mechanism might be the participation of low-grade chronic inflammation. 19 Arteriosclerosis in both macro-and microvasculature was recently suggested to be due in part to an inflammatory response. 20 According to our present findings, hs-CRP was significantly associated with the severity of retinopathy, and tended to associate with microalbuminuria. We could also find a significant association between Max-IMT and hs-CRP. Further study is be needed to investigate the association between inflammation, arteriosclerosis, and target organ damages among patients with 'active' arteriosclerosis, because most of our study subjects had a long history of hypertension, or other metabolic disorders (dyslipidaemia, smoking). Insulin resistance, which is latent in those conditions, might exist in the case of accumulating risk, and it may accelerate the carotid arteriosclerosis. 21 Insulin resistance is also one of the augmentative factors of microalbuminuria 22 and diabetic retinopathy. 23 In the present study, we verified several commonly used ultrasonographical parameters of carotid arteriosclerosis. Max-IMT is suggested to be the best and simplest and the most reliable parameter for predicting hypertensive target organ damage including microangiopathy, especially in high-risk hypertensive patients. Although longitudinal investigations will be needed to clarify the association between carotid parameters and future cardiovascular events, we recommend that Max-IMT is the essential parameter for risk stratification in hypertensive patients.
